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Introduction
D-Dimer is used as an initial screening test in the emergency department to diagnose patients who have signs, or symptoms suggestive of venous thromboembolism (VTE). D-dimer is detectable in patients with deep venous thrombosis (DVT), as it is a marker of endogenous fibrinolysis. [1] The purpose of this test, which has a high negative predictive value (NPV), is to provide a fast and cost-effective way to triage patients with thromboembolic phenomenon. Although the D-dimer has a high NPV, patients with positive D-dimer should undergo further imaging to determine whether or not they have VTE. We searched the PubMed database and reviewed the articles published until June 2011. Articles related to the d-dimer and VTE was taken into consideration to write this paper. This article discusses the epidemiology of VTE, clinical probability rules (CPRs), D-dimer levels and types of D-dimer assays, factors influencing D-dimer testing, the value of D-dimer testing in specific populations (including the elderly, pregnant women, and oncology patients), and lastly, the role of D-dimer testing in evaluating patients with recurrent VTE. Before ordering the D-dimer test, it is essential to assess the patient's clinical probability for VTE. For suspected DVT, the Wells score outlined in Table 1 has been commonly used. In patients with a low clinical probability (LCP), intermediate clinical probability (ICP) , and high clinical probability (HCP), the prevalence of DVT is <5%, 15%, and 70%, respectively. [2] For suspected pulmonary embolism (PE), Wells and revised Geneva scores [ Table 1 ] have gained acceptance; among them, the revised Geneva score is entirely based on clinical variables and is independent of physician judgment. [3, 4] The prevalence of PE was 8%, 28%, and 74% in patients with LCP, ICP, and HCP, respectively. [4] In the Wells' score, the presence of each clinical feature is given a positive score of +1. A score of -2 is given if an alternative diagnosis is highly likely, which mainly depends on individual physician judgment. [3] In a prospective cohort study of 807 patients, the authors concluded that four CPRs-Wells' rule, simplified Wells' rule, revised Geneva score, and simplified revised Geneva score-show similar performance with a normal D-dimer to exclude PE. [5] In a survey, 68% of respondents reported that they were familiar with at least 1 of 2 CPRs for PE. [6] In this study, physicians did not apply CPRs for suspected VTE due to medico-legal concerns, difficulty in memorizing and implementing the rules, the belief that clinical configuration is better, and the belief that none of the rules has been validated to their satisfaction. [6] Another study showed that 40% of inappropriate diagnostic strategies were attributable to the physician's failure to properly incorporate CPRs into their diagnostic decision. [7] In their retrospective study of 1161 patients, Lee and Zierler [8] made a statement about the under usage of the diagnostic strategy with CPRs and D-dimer as initial screening followed for suspected VTE. Similarly, another retrospective study noted that there was no documentation of pretest probability (PTP) assessment for 62 of the 97 documented VTE suspected cases. [9] In this study, PTP assessment was not documented in the majority of emergency department cases of suspected VTE. Further, 25% of the documented decisions were in disagreement with established recommendations for a given test results, which were misinterpreted, applied incorrectly, or both.
Clinical Probability Rules

D-Dimer
Clinicians must be aware that D-dimer is increased in many conditions. Physiologic causes of D-dimer elevation include pregnancy and puerperium, increasing age (>65 years), African American heritage, cigarette smoking, recent trauma, and the postoperative period. [10] Pathologic causes for D-dimer elevation are listed in Table 2 . [10, 11] Many strategies have been proposed for diagnosing VTE, including testing for D-dimer after a first negative imaging test to identify patients who require a new specific evaluation, initial D-dimer testing for the exclusion of VTE with further imaging tests only in patients with a positive test, and combined D-dimer testing with clinical probability and subsequent imaging tests. [10] In the emergency department, apart from clinical assessment, testing for D-dimer levels is done in order to rule out a diagnosis of VTE in low-risk patients. In a meta-analysis performed by Stein et al., [12] which included 31 studies to determine the accuracy of D-dimer testing in patients with suspected VTE, the prevalence of VTE ranged from 20% to 78% (average, 36%). In this study, patients with LCP or ICP had a probability for false-positive D-dimer levels ranging from 40% to 60%. A negative D-dimer test can effectively exclude VTE disease in a way comparable to a lung scan or duplex ultrasonography in LCP patients. In a meta-analysis by Brown et al., [13] which assessed the use of D-dimer for excluding VTE, the prevalence was 17-58%. In the two aforementioned analyses, the sensitivity of D-dimer testing was 96% (95% confidence interval [CI], 0.90-1.00) and 94% (95% CI, 0.88-0.97), respectively. [12, 13] The D-dimer has been shown to be highly sensitive (>95%) in excluding acute VTE at the cutoff value of 500 µg FEU/l, at least in patients with LCP or ICP. [14] In a study by Taira et al., [15] the authors concluded that LCP patients with D-dimer levels <500 ng DDU/ml may not require additional and costly imaging studies. In the prospective study of 270 patients with suspected VTE, the HCP, ICP, and LCP in patients with suspected PE was 25%, 64%, and 11%, respectively. The HCP, ICP, and LCP in patients with suspected DVT was 59%, 32%, and 9%, respectively. [16] In this study, the sensitivity of the D-dimer assay for ruling out VTE was 92% at a cut-off of <500 µg FEU/l, which did not reach the sensitivities observed in the other studies (>95%).
Vanfleteren and Wesseling [17] noted that, in the primary care setting, D-dimer is a useful test in suspected VTE patients. At their hospital in 2007 and 2008, the diagnostic yield of VTE in patients with positive D-dimer test results was 24% and 21%, respectively. The imaging tests performed was computed tomography (CT) pulmonary angiography or ventilation-perfusion scintigraphy and venous ultrasound. Another study evaluated D-dimer levels after 3-7 days among patients in the emergency department (n = 101) with LCP (<1.5) and negative D-dimer (<0.5 mg FEU/dl). Elevated D-dimer levels occurred in 13 out of 101 patients. Interestingly, none of the 13 patients was diagnosed with VTE, and all patients were observed for 3 months. The authors concluded that the normal D-dimer and LCP safely excluded VTE in emergency department patients, and follow-up D-dimer testing added no further information. [18] In a study of 197 out-patients and in-patients, many patients were not included in the HCP category as the Wells chart for PE has a high verge for allocating patients into this category. [19] D-dimer testing showed 100% sensitivity and 100% NPV, and a negative D-dimer together with a negative LCP or ICP score safely excluded VTE. However, the test lacked specificity and positive predictive value. [19] In another multicenter study of 747 patients with suspected VTE, the D-dimer assay proved to have 100% sensitivity and 100% NPV, and could be used to exclude VTE in patients with LCP. [20] In a prospective cohort study of 2206 patients with suspected PE who received follow-up for 3 months, the combination of negative D-dimer and PE was observed in 1057 patients (32.0%), of whom 1028 were not treated with anticoagulants; subsequent nonfatal VTE occurred in 5 patients (0.5%). [21] 
D-Dimer in Patients with High Clinical Probability for Venous Thromboembolism
Patients with HCP should not be tested for D-dimer because a concentration below the diagnostic cutoff is rare in this population and the posttest probability for a D-dimer >500 µg FEU/l has a poor positive predictive value for VTE. The low specificity of the test prevents it from ruling in the disease. [22] Nevertheless, Bosson et al. [23] suggested in a retrospective study that a D-dimer level above 2000 µg FEU/l was predictive of the presence of PE, with an odds ratio of 6.9, irrespective of clinical probability. The main drawback of this study was the high prevalence of PE, which was 27%, 58%, and 85% in the LCP, ICP, and HCP categories, respectively. The authors noted that these results require clinical validation in a prospective study.
The significance of D-dimer in patients with HCP of PE was reported in a prospective study by Söderberg et al. [24] D-dimer had a higher NPV than the Wells score, and the combination of both further improved the diagnostic algorithm. In the Christopher study, the false-negative rate of PE diagnosis by chest CT in patients with HCP was 5.3%. [25] Similarly, in the PIOPED II (Prospective Investigation of Pulmonary Embolism Diagnosis II) trial of 7284 patients, 6 of 15 patients with HCP for PE and a negative CT had PE. [26] In another retrospective study, there was a positive correlation between the prevalence of PE and the D-dimer level (7% at D-dimer levels of 0.5-1 µg FEU/ml and 90% at 9 µg FEU/ml). [27] In a separate study of 44 patients, similar results were obtained for distal versus proximal DVT, detected by ultrasonography of the lower limb. [27] In a study comparing the quantitative D-dimer levels to the presence of PE in symptomatic patients, PE prevalence was strongly related to the D-dimer level and increased 4 times with D-dimer levels >4000 ng FEU/ml compared with levels between 500 and 1000 ng FEU/ml. [28] In a study performed in an out-patient setting in 671 patients with clinically suspected PE, the specificity of a D-dimer test was 93% when D-dimer levels exceeded 4000 µg FEU/l. However, in the presence of ICP and HCP, this resulted in a limited positive predictive value because of the relatively low PE incidence (20%). [29] Thus, high D-dimer levels upon presentation may potentially prompt a more intense diagnostic approach, irrespective of PTP.
Types of D-Dimer Assays
D-dimers are detected by immunoassays using monoclonal antibodies specific for the cross-linked D-dimer domain in fibrinogen. Commercially available assays include latex agglutination, immunoturbidimetry, and enzyme-linked immunosorbent assay (ELISA). [10] Efforts made to standardize D-dimer results have not been successful thus far, because the D-dimer analyte is not uniform across the different assays. The NPV and sensitivity of established central laboratory ELISA D-dimer and rapid whole-blood quantitative D-dimer tests were 100%, but the rapid whole-blood test had greater specificity for VTE disease (73.3% vs. 67.9%), and the positive predictive value was poor for both tests. [30] The immunoturbidimetric monoclonal antibody method (Innovance D
min, which is particularly useful in emergency situations. [31] The Innovance D-dimer assay is an extremely sensitive test, and nearly all patients with confirmed DVT and PE have positive results. [19] The sensitivity and NPV of the rapid ELISA D-dimer test are 100%. It can be used to rule out PE irrespective of clinical assessment, and it has been reviewed extensively in several prospective studies. [32, 33] In the Christopher study, the Vitek Immuno-Diagnostic Assay System (VIDAS, bioMerieux) ELISA test had a sensitivity of 100% (500 µg/l) for ruling out the presence of PE. The 5 false-negative D-dimer test results (0.8%) occurred in the group tested with Tinaquant. [21] In a meta-analysis, Di Nisio et al. [34] analyzed the accuracy of different D-dimer assays from 113 individual studies and confirmed that the ELISA, the microplate ELISA, and the automated quantitative latex assays have a higher sensitivity but a lower specificity, resulting in a more confident exclusion of the disease at the cost of a potentially increased need for additional imaging. Studies performed after a negative D-dimer test for an interval of 3 months proved the high NPV of D-dimer testing together with LCP in patients with suspected VTE. In a study by Gibson et al. [35] involving all patients with a normal D-dimer (563), the VTE rate at a follow-up of 3 months was 2.3%. The VTE rate was 1.1% in patients with an unlikely probability of PE (477), and 9.3% among patients with LCP (86). Patients with negative D-dimer results and LCP for PE had an incidence of 0.7% (7/1028) at a follow-up of 3 months. [21] In a study of 1096 patients with suspected DVT, who had LCP and negative D-dimer, the incidence of VTE in the next 3 months was 0.4%. [1] In a multicenter study, the D-dimer test excluded PE in 561 patients (n = 1819) with LCP or ICP, and none of these patients had VTE in the 3-month follow-up, with a D-dimer below 500 µg FEU/l. [36] 
Factors Influencing D-Dimer Levels
The diagnostic yield of D-dimer is affected not only by the choice of assay, but also by patient characteristics. Certain factors influence the sensitivity and specificity in D-dimer testing, such as the extent of thrombosis and fibrinolytic activity, duration of symptoms, age, surgical procedures, anticoagulants, and comorbid conditions such as inflammatory states, cancer, pregnancy and the postpartum period, and previous VTE. [37] D-dimer levels were positively correlated with thrombus extension, with high levels in the presence of larger thrombi. D-dimer levels had an inverse relation with duration between the onset of symptoms and testing, typically reaching 25% of the initial value after 1-2 weeks. [38] In a study of 197 patients with positive D-dimer, the authors concluded that the presence of acute VTE could not be excluded if the D-dimer test were done after 1 week following the clinical presentation. [39] Similar findings were noted by Speiser et al. [40] (n = 39) and Heit et al. [41] (n = 33) during their analyses. They concluded that the sensitivity of D-dimer was inversely correlated to the duration of symptoms.
In a study by Wada et al., [42] 87 out of 754 patients had DVT, and the highest levels of D-dimer were seen on the 2 day of clinical presentation. D-dimer concentration was also affected by anticoagulation therapy and decreased approximately 25% by 24 h, with a consequent decrease in sensitivity from 95.5% to 89.4%. [43] Individual factors, including patient age, renal function, and radiological chest abnormalities, were associated with false-positive D-dimer levels in 57%, 44%, and 70% of VTE-negative patients. [44] Interestingly, D-dimer testing was falsely positive in 94% of VTE-negative patients with advanced age (60 years or older), renal failure, and abnormal chest radiology. A careful clinical assessment may be a more useful option for deciding further appropriate investigations in these specific patients, in order to reduce unnecessary exposure to radiation, intravenous contrast, and economic burden. [44] D-dimer in renal failure reflects increased fibrin turnover apart from decreased elimination. [45, 46] This group of patients has a relative risk of VTE of 2.1, which increases when the glomerular filtration rate reaches 75 ml/min/1.73 m . D-dimer testing is of limited value in this group.
Elderly Patients
An analysis reported no clear advantage of measuring D-dimer after the age of 80, except when the risk of performing CT was too high due to impaired renal function. [47] In a study by Legnani et and older than 70 years, respectively: VIDAS ELISA = 600 ng FEU/ml and 1200 ng FEU/ml, Innovance = 500 ng/ml and 900 ng/ml NP, Hemosil HS D-dimer (Instrumentation Laboratories) = 250 ng DDU/ml and 450 ng DDU/ml, and STA Liatest (Stago) = 700 ng FEU/ml and 1000 ng FEU/ml. [48] In a pooled analysis involving three prospective studies, normal D-dimer levels along with LCP effectively excluded DVT in elderly patients. [49] Cancer
The validity of D-dimer in oncology patients is compromised as its levels may be elevated even in the absence of thrombosis. The risk factors for VTE in oncology patients include location of primary tumor, stage and initial period after diagnosis of tumor, and associated comorbidities. [45] Treatment modalities, including chemotherapy, antiangiogenic therapy, surgery, central venous catheters, and hospitalization, were other predisposing factors for thrombosis in these patients. [45] Laboratory biomarkers that predict VTE are thrombocytosis or leukocytosis, tissue factor, soluble P-selectin, and D-dimer. [50] In the prospective study involving 2263 consecutive patients with suspected DVT, independent poor prognostic factors were found for overall survival, including D-dimer levels >8000 ng FEU/ml and age >60 years. There were 247 patients (10.9%) with a known malignancy or who were diagnosed with malignancy during a follow-up period of 22 months. [51] The elevated D-dimer levels in these patients were not due to the presence of thrombus and may reflect the biology of the underlying tumor.
D-dimer levels >8000 ng FEU/ml were associated with an increased incidence of malignancy. [51] A retrospective study by Lee et al. [52] assessed D-dimer levels in 1068 patients with suspected DVT. The sensitivity of D-dimer was 86% and 83% in patients with and without cancer, respectively. However, the NPV was lower in oncology patients (79% vs. 96%). In contrast, in a study by ten Wolde et al., [53] which evaluated 1739 patients with suspected DVT, the NPV for D-dimer testing was 97% in patients with and without cancer.
Similarly, the NPV and sensitivity of D-dimer testing was high for diagnosing PE among oncology patients.
[54] Di Nisio et al. [55] analyzed 2066 patients and found that the NPV for the test was 100% and 97% among cancer patients with LCP and ICP, respectively. Another study reported a highest sensitivity (100%; 95% CI, 82-100%) and NPV (100%; 95% CI, 72-100%) in a sample of 72 cancer patients. [56] These data were confirmed in a second larger study, which involved a large cohort of 1721 outpatients. PE was ruled out by a negative D-dimer test in 494 out of 1554 (32%) patients without cancer, and in 18 out of 164 (11%) patients with a malignancy.
The sensitivity and NPV were 100% in both cancer and noncancer patients. [57] Regarding VTE recurrence in oncology patients, D-dimer and residual venous obstruction (RVO) are considered independent risk factors, and may help tailor anticoagulation treatment duration. Abnormal D-dimer levels observed during and after anticoagulation treatment may reflect the state of hypercoagulability not suppressed by anticoagulation treatment, while RVO may also be a marker of a prothrombotic condition. A practical approach might be to withdraw anticoagulation treatment in cases of normal D-dimer and absent RVO, measure D-dimer after 1 month, and resume anticoagulation treatment in cases of abnormal D-dimer.
[58]
Pregnancy
The risk of VTE increases throughout pregnancy and is particularly high in the postpartum period, with an incidence of 1 per 1000 pregnancies. [59] The utility of a whole-blood agglutination D-dimer test to exclude DVT in pregnancy has been evaluated in a prospective study of 149 pregnant women. It showed 100% sensitivity, 100% NPV, and a specificity of 60%, and highlighted that D-dimer measurements were helpful in excluding VTE in the first and second trimester of pregnancy (although its value in the third trimester was limited). [60] In another study of 50 pregnant women, 50%, 22%, and 0% were in the reference range (0.5 mg FEU/l) during the first, second, and third trimesters, respectively. [61] In another prospective study of 89 pregnant women, D-dimer testing had 100% sensitivity at the new cutoff values for the first, second, and third trimesters (286 ng DDU/ml, 457 ng DDU/ml, and 644 ng DDU/ml, respectively). [62] In his study on 48 pregnant women, Morse [63] tried to establish a new reference range for D-dimer levels during pregnancy. The reference ranges were <465 ng DDU/ml and <640 ng DDU/ml for the second and third trimesters, respectively.
Recurrent Venous Thromboembolism
Recurrence of unprovoked DVT occurs frequently after the discontinuation of anticoagulation in approximately half of patients within 10 years of an initial event, and is highest (10-15%) over the first 6-12 months. [64] Rathbun et al. [65] reported the results of a D-dimer test to exclude recurrent DVT in 300 patients with suspected DVT, who had a previous episode of DVT. The D-dimer test was normal in 45% of patients (n = 134), and 18% of patients (n = 54) had DVT. In a study of 1818 patients, the risk of recurrent VTE was higher among patients with positive D-dimer levels than those with negative results during a follow-up period of 26.9 months after an unprovoked VTE. This was independent of patient age or timing of the postanticoagulation D-dimer testing. [68] In another prospective cohort study, 79 (13%) of 610 patients had recurrent VTE with a mean follow-up of 38 months, and they had significantly higher D-dimer levels. Patients with D-dimer levels <250 ng/ml had a recurrence rate of 3.7% at 2 years compared with 11.5% in patients with D-dimer levels >250 ng FEU/ml (P = 0.001). The relative risk of recurrence was 60% lower in patients with D-dimer levels <250 ng FEU/ml compared with patients with higher D-dimer levels. [60] In a prospective cohort study, 929 patients after first unprovoked VTE were followed for 43.3 months after discontinuation of anticoagulation, and a total of 176 patients (18.9%) had recurrent VTE. Gender, proximal versus distal DVT, PE versus distal thrombosis, and elevated levels of D-dimer per doubling were related to a higher recurrence risk. [70] 
Discussion
Venous thromboembolism is a common condition that cannot be diagnosed solely on the basis of clinical presentation due to the lack of sensitivity and specificity of signs and symptoms. PE is a common yet potentially fatal disease, which results in >250,000 hospitalizations in the United States each year. [71] The prevalence of DVT and PE is 20% or less among clinically suspected individuals. [22] A missed diagnosis of VTE can lead to sudden death, chronic cardiopulmonary dysfunction, and impaired quality-of-life. [72] Among patients with suspected VTE, it is important to identify those who do not have the disease, in order to obviate the need for anticoagulation therapy and associated bleeding risk. [73] Simultaneously, over-testing patients for PE can be costly and expose them to harm from radiation, intravenous contrast, a false-positive diagnosis, and anticoagulation treatment. The risk factors for VTE are increasing age, cancer and its treatment, paralysis, prolonged immobility, long air travel, congestive heart failure, acute infection, pregnancy or puerperium, hormonal treatment, varicose veins, dehydration, previous VTE, inflammatory bowel disease, rheumatologic disease, nephrotic syndrome, persistent elevation of D-dimer, and atherosclerotic disease. [74] 
Conclusion
Every effort should be made to implement the diagnostic strategies for VTE. The major limitation of D-dimer testing is its use in special clinical settings that result in low specificities, such as in oncology patients, elderly patients, and pregnant women. However, the test retains its high sensitivity and NPV in those situations.
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